Introduction 51
The cauliflower disease (stomatopapilloma or orocutaneous papillomatosis) of the 52 European eel (Anguilla anguilla) was first described at the beginning of the 20 th century 53 (Wolf 1988) . Sporadic occurrence of the disease, with no specificity for age and size of the 54 affected fish, has been reported mostly from the tributary regions of northern European rivers 55 (Delves-Broughton et al. 1980; Wolf 1988) . The benign epidermal neoplasms usually grow on 56 the head region, but lesions may occur on other parts of the body (Peters 1975) . The 57 papillomas consist of fibro-epithelium and are somtimes pigmented. The cause of the tissue 58 proliferation is unknown. Different viruses, resembling birna-, orthomyxo-and rhabdoviruses 59 have been detected in or isolated from eels with cauliflower disease, but experimental 60 reproduction of the clinical signs has not been successful (Nagabayashi & Wolf 1979; 61 Schwanz-Pfitzer et al. 1984; Ahne & Thomsen, 1985; Ahne et al. 1987) . Because of the 62 seasonality of the tumor development, the effect of chemical pollutants and water temperature 63 changes were assumed to contribute to the manifestation of the disease (Peters 1975) . 64
The European eel, presently a critically endangered species, were being introduced to 65 Lake Balaton (the largest lake in Central Europe, located in the western part of Hungary) 66 regularly from 1961 to 1991, except in 1985 and between 1989 and 1990 . As a result, more 67 than 83 million elvers (glass eel stage, which start to feed) were stocked in Lake Balaton. By 68 the end of the 1980s, the lake had become overpopulated with eel, and there were two 69 massive periods of eel deaths. These deaths were probably due to a nematode worm 70 (Anguillicoloides crassus) infection in 1991 and 1995 (Molnár et al. 1991 . Thereafter the 71
Hungarian Government prohibited the introduction of additional eels. By now, the eel stock in 72 Lake Balaton is composed of very old individuals, of which even the youngest are more than 73 23 years old. 74 4 In this work, the detection and full genome analysis of a novel circo-like virus are 75 described. The virus was found in different organs of an eel from Lake Balaton which 76 exhibited typical signs of the so-called cauliflower disease. 77
Circoviruses (CVs) are small, naked DNA viruses. The icosahedral virions, with a 78 diameter of 12─26 nm, contain a circular single-stranded DNA genome. The genome size of 79 the CVs studied to date was found to range between 1.7-2.3 kb. The viral capsid is composed 80 of one structural protein (capsid protein) (Biagini et al. 2011) . Targeted screenings with a 81 sensitive consensus nested PCR (Halami et al. 2008 ) resulted in the recognition of a large and 82 still sharply increasing number of novel CVs and circo-like viruses in an incredible diversity 83 of specimens including natural and waste waters, fecal samples from different mammals from 84 bats to man, as well as in several invertebrates and on the surface of a variety of raw meat 85 products (Blinkova et al. 2009; Li et al. 2010; Li et al. 2011) . Up until a few years ago, only 86 birds and swine had been known as frequent hosts for CVs. In the past several years, the 87 vertebrate host spectrum has widened to include fish and amphibians (Lőrincz et al. 2011 (Lőrincz et al. & 88 2012 Tarján et al. 2014) . However, in the majority of these cases, the eventual pathological 89 role of the detected CVs is unknown. 90
91

Material and methods 92
Origin of the sample. During a routine limnological survey, an approximately 50-cm-long 93 adult eel with cauliflower-like growths on both sides of its mouth was caught in Lake Balaton, 94
Hungary on 21st September 2009. After euthanasia, a necropsy was performed. Small pieces 95 from the labial tissue proliferation, the gills, heart, liver, spleen and kidney were collected in 96 duplicate. One part of the samples was fixed in Bouin's fixative, embedded in paraffin, 97 sectioned (at 4─5 µm), stained with hematoxylin and eosin, and viewed by light microscopy 98 5 according to standard procedures. The other set of samples were frozen, and used for virus 99 isolation and molecular studies. 100
Virus isolation. Virus isolation was attempted on the EK-1 cell line (Chen et al. 1982) . The 101 pooled organ homogenates were diluted to a 10% (w/v) suspension in an L-15 medium 102 (Gibco) complemented with antibiotics (Penicillin 300 U/ml, Streptomycin 300 µg/ml). 
163
Gross and Microscopic Pathology. On both sides of the mouth, soft polypoid, raspberry-164 coloured masses (approximately 1 cm in diameter) were seen (Fig 1a) . The fish was slightly 165 emaciated. The only other gross lesions were restricted to the heart where a small flat grayish 166 oval-shaped patch (of about 5 mm in diameter) was revealed on the epicardial surface which 167 extended into the myocardium (Fig. 2a) . By light microscopy, no lesions were seen in the gills 168 or kidney. The labial polypoid masses were benign papillomas composed of proliferating 169 connective tissue and covered by a multilayered epithelium. Proliferation of the malpighian 170 cells upon a narrow base of connective tissue without an invasion down into the underlying 171 dermis was also seen (Fig. 1b) . The grayish spot on the heart was a bening myoma composed 172 of collections of cross-striated muscle fibres and surrounded by connective tissue (Fig. 2b) . Genome sequence analysis. The complete genome of the putative eel CV was found to 194 encompass 1378 nt with an average G+C content of 48.7%. The full genome sequence was 195 deposited to the GenBank and assigned to accession number KC469701. The genome 196 organization was found to be somewhat divergent from one typical of CVs, inasmuch as the 197 putative cap gene proved to be significantly shorter (Fig. 3) . Nonetheless, two oppositely In the present work, the full genome sequence of a putative novel CV was determined. 234
The virus originated from a European eel showing typical signs of the so-called cauliflower 235 disease. We propose to name this virus the European eel circovirus (EeCV). The isolation of 236 the virus on an eel kidney cell line failed. The CPE, observed after the first inoculation, did 237 not appear again in the consecutive passages. We speculate that the cell degeneration was 238 probably due to a direct cytotoxic effect by some material or unknown, uncharacterized virus 239 that was not detectable by our PCRs. 240
Apart from the heart myoma and the stomatopapillomas, which were probably large 241 enough to interfere with feeding, no other significant pathological alterations were revealed. It 242 seems that the examined eel was caught in a viraemic status, since every examined organ 243 contained circoviral DNA. The initial PCR with undiluted samples of the stomatopapilloma, 244 gills, and spleen resulted in a heavy smear. This signaled the possibility of too high 245 concentration of the total DNA. Indeed, the 10-fold dilution of the same samples produced 246 discrete bands of the expected size. Perhaps the full genome analyses of additional novel CVs from fishes and other lower 279 vertebrates will help discern the phylogenetic relationships more precisely in the future. 280
The family Circoviridae is currently facing a radical revision. It has been proposed that 281 the Gyrovirus genus be moved to the Anelloviridae family. Furthermore, the establishment of 282 a new genus, Cyclovirus within the Circoviridae has also been proposed (Biagini et al. 2013) . 283
There are however, numerous circovirus-like viruses with unknown ancestry at the moment. Cap proteins, namely the arginine-rich stretch close to the N-terminus, was identified. 299
It is intriguing to speculate about a recombination event between a progenitor and an 300 unknown circular virus resulting in EeCV. Among ssDNA viruses (even originating from 301 distantly related virus families), recombination events occur frequently (Gibbs & Weiller, 302 1999; Martin et al. 2011) . Moreover, a recombination between a circo-like virus and ssRNA 303 virus has also been hypothesized (Diemer & Stedman, 2012) . At the moment however, the 304 origin of the cap gene of EeCV remains enigmatic since the BLAST searches did not find any 305 reliable homology to any known sequences among the environmental samples. 306
According to the proposed new rules of the Circoviridae Study Group of the ICTV, the 307 comparative analysis of the complete genomes would replace the earlier practice of 308 comparing the cap sequences in the establishment of new species (Biagini et al. 2013) . 309
Considering the demarcation criteria, EeCV unequivocally represents a novel species. 310
At the discussion of the qPCR results, we emphasize that these results are based on the 311 examination of one specimen and at one time-point. Thus, these data should be considered as 312 preliminary results. The qPCR confirmed the results of the conventional PCR, inasmuch as all 313 examined organs contained the viral DNA suggesting that the examined eel was caught in a 314 viraemic status. The relative amount of the viral DNA may indicate that the viral replication 315 takes place in the liver and spleen. 316
To examine the pathogenicity of EeCV in experimental infections, the isolation of the 317 virus would be essential. Nonetheless, screening eels, especially those showing clinical signs 318 of the cauliflower disease, for the presence of cicoviral DNA should also be continued. 319 320
